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(57) Usage: the invention concerns to area of manufacturing of turbine 
blades predominantly of aero-engines. 

Essence of the invention: deposition of termoyesistart carried 
out in two stage_s„aojd^^ stage contains 

cobalt 10-11 %, chromium 22-24 %, aluminum 4-T%> yttrium 0.25-0.3 
%, nickel - remaining. After h i fih-temperat u rg j^atia i f fus i on 
annealing, processin g by m i cro blob^j ^si ve - ^ liquid processing, 
deposition~of a^ceramic layer by a method^ pf^condensation and 
transgiratio^ sequentially, tiien the second 

vacmnryj^ of a 

ceramic layer by j^peitl^ by 
the second oxidizmg annealing are carried out. 
2 for., 1 taHejTig; " 

The invention concerns to area of manufacturing of turbine blades 
predominantly of aero-engines. 

There is known the turbine blade with two thermoresistant coating 
layers. The blade contains thermoresistant metal as a substrate, and 
multicomponent alloy on a nickel base as a tcrmoresistant coating f 1 ]. 

Coating is received by deposition in vacuum with the subsequent 
layer fastening by vacuum diffusion annealing [1]. 

High-temperature strength, thermostability, thermostrength of a heat- 
shielding coating determine work life of a blade in a composition of the 
engine. The thermostability is determined usually by accelerated tests on 
a mode: a heating of a blade up to temperature superior operational, and 
its accelerated cooling in running water of room temperature. High- 
temperature strength, thermostability are determined by a continuous 
healing, usually at temperature 1100 U C in an oxidizing atmosphere 
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during hundreds hours before the beginning of thermoshield coating 
destruction. 

There is well known the blade manufactured of a superalloy such as 
>KC-6 which contains a coating of two layers; in the first layer there is 
following components ratio, mas%: 

Cromium 16-18 

Aluminium 11-13 

Yttrium 0,25-0,3 

Nickel remaining, 

second layer contains the same components with additional introduction 

of cobalt 8-10 % for rise of high-temperature strength. 

After layers deposition a blade is subjected to the first vacuum diffusion 

annealing at temperature 1050°C within 3.5-4 hours for producing a 

diffusion zone between base metal of a blade and coating. In the present 

blade properties and adhesion of a coating depend on a composition of 

each layer, on the size of diffusion /.one between base metal of a blade 

and metal of coating, which thickness on the average is 8-14 microns. 

The high-temperature strength of coating depends on a relation of 

components included. The thermostability is determined by the content 

of aluminum in a composition of layer, which at thermal tests is oxidized 

up to A1 2 0 3 with increase of volume, that is one of the reasons of shear of 

coating at tests. However aluminum is indispensable in a composition of 

coining for increase of affinity degree of coating with base metal during 

diffusion zone formation. 

For equalization of residual stresses after the first annealing a 

surface of coating is treated by microblobs during three minutes and 

process of manufacturing of the present blade is finished by the second 

vacuum diffusion annealing at temperature 1050°C during 3.5-4 hours. 

The present blade at thermocycle tests on a mode: a heating up to 

105()"C, the cooling up to 20°C in running water before occurrence of 

shear of coating, maintains up to 10 thermocycles (version 1, fig. 1). At a 

continuous heating at temperature 1100°C in an oxidizing atmosphere 
mermosiaDimy 01 me present uiauc iiiukcs tw iiuuis, ffjai u iS inn 

enough for operation of a batch engine in requirements of hostile 
environments (for example, maritime version), al the considerable 
content of deleterious impurities in fuel, at simulated increase of gas 
temperature on an inlet of the turbine. 

There is known die blade with a two-layer coating. The first layer - 
bond layer - represents an alloy of chromium, aluminum, yttrium 
(ytterbium) with nickel. The second layer - ceramic is barrier heat- 
shielding of dioxide of zirconium partially stabilized by oxide of a 
ytterbium. A ceramic layer is produced by plasma spraying [2]. Such 
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blade with ceramic coating allows to increase resource of engine at 
increase of temperature gradient on an inlet and outlet of the turbine. 

Disadvantage of such blade is the vulnerability of bond coating 
from oxidizing conditioned by possible penetration through column 
structure of a ceramic field of deleterious impurities in combustion 
products of fuel, and also from action of hostile environments, that 
considerably reduces high-temperature strength and serviceability of 
coating, and consequently, restricts resource of engine. Besides the 
obtaining of a metal layer by plasma spraying on air results in increase of 
unclosed por.es formation, in decrease of density of a ceramic Ia.yer.and. 
formation of a developed surface with a roughness A5 (not higher). 

The task of the invention is the exception of the indicated 
deficiencies, increase of operation resource of a blade in a composition 
of an article. 

This problem is solved because the coaling of a blade with the first 
heat-resistant layer and second ceramic layer contains follow-up sublayer 
at following components ratio, mas %: 



Sublayer 1 layer 

Cobalt 10-11 8-9 

Croraium 22-24 16-18 

Aluminium 4-5 11-13 

Yttium 0.25-0.3 0.25-0.3 

Nickel re m a i n i n g rem a i n i n g . 



Thus a blade after deposition of heat-resistant layer is subjected to 
the first vacuum diffusion annealing, then is treated by microblobs, 
abrasive - liquid processing is carried out and ceramic layer is deposited 
on it by condensation and transpiration in vacuum. Then a blade is 
subjected sequentially to second vacuum diffusion annealing, oxidizing 
annealing, thermal fusion of a ceramic layer by hyperthermia] pulsing 
plasma is carried out and, at last, the second oxidizing annealing is 
carried out. 

At the solution of the indicated problem there is a technical result, at 
first, at the expense of formation of a bond damping sublayer, which 
prevents penetration of microdefects incipient both during the deposition 
of the coating, and during operation, and also provides conformity of a 
coating from the basic blade on coefficient of thermal expansion a, and 
secondly, at the expense of quantitative and qualitative change of 
component builders, namely introduction of a cobalt in additional 
sublayer in amount of 10-1 1 %, reduce of aluminum up to 4-5 % and the 
increase of a chromium till 22-24 % provides increase of plasticity and 
thermostability of a sublayer. Thirdly, the management of such operation 
as thermal fusion of a ceramic layer by hyperihermal pulsing plasma, 
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allows to improve roughness, having reduced it up to 8 classes, to reduce 
the amount of open channels on boundaries of column' grains, that, at the 
end, allows to increase thermostability of the blade at simultaneous 
increase of thermostability. 

On a blade produced of basic supcralloy such as )KC-6 the first 
stage is the deposition in vacuum by condensation and transpiration on 
electron installation of sublayer of heat-resistant coating of a following 
composition, mas%: 

Cobalt 10-11 

Cromium 22-24 

Aluminium 4-5 

Yttrium 0.25-0.3 

Nickel remaining. 

Then at the second stage on the same installation by the same 
method there is deposited a layer al following components ratio,- mas%: 
Cobalt 8-9 
Cromium 16-18 
Aluminium 11-13 
Yttrium 0.25- 0.3 

Nickel remaining. 

Then a blade is subjected to the first vacuum diffusion annealing on 
thermovacuum installation at temperature 1050°C during 3.5-4 hours for 
producing a diffusion zone between base metal of a blade and coating. 

Further blade is treated by microblobs for 5 minutes, then the blade 
is transferred to abrasive - liquid processing for 20 seconds. Then a 
ceramic layer of a following composition was deposited on the blade in 
electronic installation by condensation and the transpiration in vacuum, 
mas%: 

Y 2 0 3 7-9 

h remaining. 



Such method of obtaining of a ceramic layer gives more dense structure. 

Then the blade is subjected to the second vacuum diffusion 
annealing at temperature 1050°C for 3.5-4 hours and to first oxidizing 
annealing at temperature 750°C for 1 hour in the customary electrical 
furnace on air. After that a ceramic layer of a blade is fused by 
hyperlhermal pulsing, for example hydrogenous, plasma with density of 
energy ].0 5 -10 9 W x sm" 2 and time of action 10" 7 - 10* 3 sec. The 
processing is conducted on the accelerator of plasma. In a duly cycle 
formed «plasma jct» a dia of 300 mms was guided on a surface of the 
blade. At interaction of a stream of plasma with a surface of a ceramic 
layer 8 % Y203 + Zr02 remaining, in this layer modification of 
structures and composition takes place on depth up to 20 microns. The 
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roughness from R n = 1.25 microns up to R„ « 0.62 microns is improved, 
the amount of open channels near boundaries of column grains of 
ceramics decreases, oxides of components under action of 
electrodynamic processes developing at uptake of energy of plasma 
decrease up to an intermixture of Zr + Zr 2 0 + Zr0 2 + Y + Y 2 0 + Y 2 0 3 . 

Treating of a blade is finished by the second oxidizing annealing at 
temperature 750°C for 1 hour. In thermally fused layer the equilibrium 
state is erected. 

In a figure 1 the dependence of thermocycles M from version of 
technology is shown, where : 

cl - first layer of composition J 6% Cr 13 % Al + 0,25 % Y + Ni 
remaining (analog 1); 

cIm - first layer of an offered composition 1 1 % Co -f 22 % Cr -f- 5 % Al 
+ 0,25 % Y + Ni remaining; 

c2 - second layer of composition 9 % Co i 16 % Cr + ] .3 % Al + 0,25 % 
Y + Ni remaining; 

c3 - third layer of composition 8 % Y 2 0 3 + Zr0 2 remaining; 

sao - vacuum diffusion annealing at temperature 1 050 (, C for 3.5 hours; 

miji - strengthening by microblobs, 3 minutes; 

a>Ko - abrasive - liquid processing for 20 seconds; 

BTiin - treating by a high-temperature pulsing plasma; 

o - an oxidizing annealing at temperature 750°C, 1 hour. 

The influencing of change of component content in a composition 

of each layer of heal shield coating consists in following. The decrease of 
the content of aluminum up to 4-5 % for the first layer promotes 
conformity with an chemical composition of blade substrate, increase of 
plasticity, that slows down formation of microcracks from outer layers of 
coating. Increase of aluminum content more than 13 % gives the increase 
of layer brittleness. With the decrease of cobalt content less than 8 .% 
heat resistance and plasticity of layers reduce. The increase of cobalt 
conlcnl to 10-11 % in combination with the increase of chromium to 
22-24 of % allows to increase heat resistance and thermostability. 
However at the content of a chromium more than 24 % the heat 
resistance increases, buUJiiffiultancouslyplasticity reduces and the 
prcdilecJic^Ja^ promotes 
deceleration of diffusion processes, however, if cobalt is more than 1 ] %, 
the conformity of coefficient of thermal expansion of layer and the 
substrate disturbs. In a ceramic layer the decrease of yttrium content less 
than 7 % reduces thermostability, the increase of yttrium content more 
than 9 % raises porosity oflaycr and oxidation rate. 

The test data on thermostability and heat resistance of turbine 
blades are listed in table 1 . 
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Thus, deposition of additional damping heat resistant sublayer and 
ceramic layer on a blade with introduction such operations, as abrasive - 
liquid processing, two oxidizing annealings, and also the thermal fusion 
of ceramic layer by hyperthermal pulsing plasma in a manufacturing 
process allows to defend blade substrate from penetration of 
microdefects, to lower a surface roughness at simultaneous decrease of 
open channels in a ceramic layer, that results in increase of a 
thermostability and heal resistance of the blade and to the increase of its 
operation resource in a composition of the engine. 



CLAIMS 

i. The turbine blade containing ajja^k^ej Lcoating with the_fi r§3Lheat- 
resistant layer, including cobalt, chromium, aluminum, yttrium and 
nickel and second_£eramic layer, distinguished of subjects, that it 
contains an additjon^r^^^^^betAvecn blade substrate and heat 
resistant layer at following^ompor^^ 

Cobalt 10-11 

Cromium 22 - 24 

Aluminium 4-5 

Yttrium 0,25 - 0,3 

Nickel remaining, 

and the first layer contains components in the ratio, mas%: 

Cobalt 8 - 9 

Cromium 16-18 

Aluminium 11 - 13 

Yttrium 0,25 - 0,3 

Nickel remaining. 

2. Method of manufacturing of turbine blades including consequent 
deposit ion of heat resistant layer in vacuum in two stages and realization 
of two vacuum annealings with intermediate treatment of the blade by 
microblobs distinguished of subjects, that after treatment by microblobs 
the blade is subjected to abrasive liquid processing and ceramic layer is 
deposited by condensation and transpiration in vacuum, and after the 
second vacuum annealing there are carried out consequently first 
oxidizing annealing, thermal fusion of ceramic layer by hyperthermal 
pulsing plasma and second oxidizing annealing. ^ ' 



PHONE NO. 



Jan. 15 2008 03:54PM P12 



Table 1 
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^KapocTOHKHe noicpbiTHa, ocaxxcaeMbie B 
BaxyyMe, Khcb HayKosa xryMKa, 1983, c 
154-167. 

(54) JIOnATKA TYPBUHBI H CIIOCOE EE 
H3rOTOBJIEHIi5I 

(57) Hcnojn>30BaHHe: H3o6pereHHe othochtcs 

K o6jiaCTH H3 TOTOB JieHHJI JCOnaTOK Typ6ltHH 

npenMymecTBeHHo aBHamiOHHHX ABuraTe^eH. 
CymHocrb H3o6peTeima: HaHeceroie acapocroH- 
Koro noKpBrraa npoBozjjiT b jjpa. 3Tana, npireeM 



noAcnoH, HaHocHMtm nepBHM 3TanoM, coaep- 
aaiT Ko6ajiBxa 10-11%, xpoMa 22 - 24% 
ajnoMHHH* 4-5%, nrrpusi 0,25 - 0,3%,' 
HHKejiii - ocra^BHoe. Uoaie HaHeceHHs acapo- 
CTOHKoro noKpHTiisi npoBoj(3T noc^eflOBaTejibHo 
BaKyyMHBIH OT$*y3HOHHHH oT^nr, o6pa6oTKy 
MHKpomapHKaMH, a6pa3HBHO-KHAKOCTHyiO 06- 

pa6oTKy, HaHocsrr KepaMHqecKim oioh MeTOAOM 
KOHAeHcamra h HcnapeHHa b BaKyyMe, npoBo- 

A*T 2-H BaKyyMHMH OT4>(J>y3HOHHHH OT^CHT, 
O KHC7IHT CJlh HBIH OT3CHT, TepMircecKoe omiaBjie- 
HHe xepaMHtiecKoro oioh BwcoKcrreMnepaTyp- 

HOH HMIiyjIB CHOH IUia3MOH H 3aKaHXfflBaiOT 

o6pa6oTKy btopbim okhcjihtcjibhijIm otschtom. 
2 c.n.^-jiu, 1 Ta6ii., 1 hji. 
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H3o6peTeHHe othochtch k o6jiacra H3ro- 
TOBJieHHH jionaTOK Typ6HHH npeHMymecTBeHHO 
aBnaiiHOHHBix ABHraTejieii. 

H 3 b ecTHa jionaTKa Typ6rorbi c ppyMst 
cjiosmh ^capocTOHKoro noKpHTH3. JionaTKa 
coAepxHT b KaqecTBe ochobbi acapocroHKHH 
^caponpOTOBra Merajui, a b Ka*iecTBe ^capocrroH- 

KOrO IIOKpblTHS - MHOrOKOMIIOHCHTHHH CIUiaB 
Ha HHKeJieBOH OCHOBe [1 ]. 

rioKpbiTHe nojry^aiOT oca^eHHeM b BaKy- 
yMe c nocjie^yiomHM 3aKpeiuiemieM cjioh 
nocpeACTBOM b aKy y mhbix AH(fc<i)y3HOHHbix ot- 

/KHrOB [1 ]. 

>KapOCTOHKOCTb, TepMOCTOHKOCTb , TepMO- 

CTa6puibH0CTb Teruio3aroHTHoro noKpbrrHH on- 
peAejunoT AOJiroseHHocTb pa6oTbi JionaTKH b 
cocraBe ABHraTejiH. TepMOCToibcocrb onpeAejui- 
ercii o6bi^Ho ycKopeHHHMH HcnbiTaHHiiMH no 
pe^cHMy: HarpeB jionaTKH ao TeMnepaTypbi, 
npeBbimaiomeH SKCiuiyaTatcHOHHyio, h ycKopeH- 
Hoe ee oxjia^KAeHHe b npoTO^nyio BOAy 

KOMHaTHOH TeMIiepaTypH. yKapOCTOHKOCTb, Tep- 
MOCTOHKOCTb onpeAe^csiOT HenpepbiBHbiM Harpe- 
bom, o6bi^Ho npn TeMnepaType 1 100°C b 
OKHcriHTejibHOH cpe^e b Te^eHHe cotch ^acoB 
AO Ha^ajia AccrpyKijHH Teiui03amHTHoro no- 

KpblTHJI. 

H3BecTHa jionaTKa, H3roTOBJieHHa.si H3 
scapocTOHKoro cmiaBa Tma XC-6, coAep^KHT 
noKpbiTHe H3 2-x cjioeB ; b nepBOM oioe 
cjieAyiomtee cooTHomeHHe KOMnoHeHTOB, Mac. 
%: 

XpOM 

Ajikdmhhhh 
Httphh 
HnxejiB 



16 - 18 
11 - 13 
0,25 - 0,3 
ocrajibHoe, 

bo btopom cnoe coAep^caTCH Te 3Ke KOMnoHeHTbi 

C AOnOJIHHTejILHLIM BBCACHHeM Ko6aJIbTa 8 - . 

10% AJis noBHmeHHJi acapocroHKOCTH. 

Ilocjie HaHeceHHK cjioeB jionaTKy noABep- 
raiOT nepBOMy BaKyyMHOMy AH4)(f»y3HOHHOMy 
OTvKHry npH TeMnepaType 1050°C b Te^einie 
3,5 - 4 *iacoB ajisc C03AaHHH AH(£4)y3HOHHOH 

30HbI Me^CAy OCHOBHbIM MCTaJIJIOM jionaTKH H 
nOKpblTHeM. B H3BeCTHOH JIOnaTKe CBOHCTBa H 

aAre3HH MeTajuiHHecKoro noKpbiTHH 3aBHCHT ot 
cocraBa KasKAoro cjioh, ot bcjihmkhh AH(J)4)y- 

3HOHHOH 30HBI MQTKffy OCHOBHBIM MCTaJUIOM 

JionaTKH h MeTajuiOM noKpuraa, TOJinmHa 
KOToporo b cpeAHeM cocraBjiHeT 8-14 mkm. 

^KapOCTOHKOCTb nOKpblTHil 33BHCHT OT COOTHO- 

memix bxoahih,hx b Hero KOMnoHeHTOB. 
TepMOCTOHKOCTb onpeAejineTCH coAepxaHHeM 
ajiiOMHHHH b cocraBe cjioh, kotopbih npn 

TepMHHeCKHX HCnHTaHHHX OKHCJIHCTCH ao A1 2 0 3 

c yBejiHMeHHeM o&beMa, mto hbjihctch oahoh 
H3 npHHHH CKajibiBaHHH noKpbmiH npn iicnbi- 

TaHHflX. OAHaKO aJIK)MHHHH hco6xoahm B 

cocTaBe noKpbiTPiii rjisi yBejnmeHHH creneHH 



CpOACTBa nOKpblTHil C OCHOBHbIM MCTaJUIOM npH 
4?OpMHpOBaHHH A*I<J>4)y3HOHHOH 30HBI. 

JIjisl BbipaBHHBaHHH ocraTo^HBix Hanpn:Ke- 
hhh nooie nepBoro oracHra noBepxHOCTb 
noKpbiTHH o6pa6aTbiBaioT MHKpomapHxaMH b 
Te^eHHe 3-x MHHyr h 3axaHTOBaiOT npoixecc 

H3rOTOBJieHH3 H3BeCTHOH JionaTKH BTOpbIM 
BaKyyMHbIM AH<t>(t>y3HOHHbIM OT2KHTOM npH 

TeMnepaType 1050°C b Te^eHHe 3,5 - 4 wacoB. 

H3BecTHaa JionaTKa npn TepMoijHKjnrae- 
ckhx HcnbiTaHHiix no pe^KHMy: HarpeB ao 
TeMnepaTypbi 1050°C, oxjia^Aeime ao 20°C b 
npoTO^myio BOAy ao noaBJieHHs cko^ob noKpn- 

THJI BblACpJKHBaeT AO 10 TepMOUHKJIOB (BapnaHT 

I, 4>ht. 1) . ripn HenpepbiBHOM HarpeBe npn 
TeMnepaType 1100*C b OKHcmTejibHOH cpeAe 
TepMocTa6Hjn>HOCTb H3BecTHOH JionaTKH cocraB- 
jmeT 400^acoB, ^ito HeAocraTOTOo npn pa6oTe 
cepHHHoro ABHraTe^a b ycnoBaax arpeccHBHbix 
cpeA (HanpHMep, mopckoh BapnaHT), npn 

3Ha*lHTeJIbHOM COAep^KaHHH B TOnJTHBe BpeAHbix 

npHMecen, npn HCKyccrB eHHOM yBejin^eHHH 
TeMnepaTypbi ra3a Ha bxoas TypdnHbi. 

H3BecrrHa ^onaTKa c AByxcjioHHHM noKpbi- 
raeM. riepBbiH cnoH - CBH3yiomHH - npeAcraB- 

JISL&T C06OH CnjiaB XpOMa, aiHOMHHH^, HTTpHS 
(HTTep6HJl) C HHKejieM. Btopoh CJIOH 

KepaMH^ecKHH - 6aphepHMH Tenjio3amHTHbiH 

H3 AHOKCHAa I3HPKOHIM, t iaCTH T IHO CTa6nJIH3H- 

poBaHHoro okchaom HTTep6M. KepaMH^ecKHH 
cjioh noJiy^aiOT mctoaom mia3MeHHoro Harai- 
jieHH^r Ha B03Ayxe [2 ]. TaKaa jionaTKa c 

KepaMHKeCKHM nOKpblTHeM H03BOJIHeT nOBBICHTb 

pecypc pa6oTbi AsnraTejiK npn yBejin^eHHH 
TeMnepaTypHoro rpaAneHTa Ha BxoAe h BbixoAe 

Typ6HHM. 

HeAocraTKOM TaKOH JionaTKH 5iBJiiieTCH 
He3aunHmeHHocTb CB5i3yiomero cjioh ot OKHCJie- 
hhh, o6ycnoBJieHHaa bo3mo^chbim npoHHKHOBe- 
HneM qepe3 CTOJi6qaTyio crpyKTypy KepaMH^e- 
ckoto nojisr BpeAHbix npnMecen npoAyKTOB 
cropaHHfl TonjiHBa, a TaKxe ot bo3achctbm 
arpeccHBHbix cpeA, ^to 3HaMHTejibHo CHHxaeT 
^capocroHKocTb h pa6oTocnoco6HocTb MerajuiH- 
^ecKoro noKpbiTHH, a cjieAOBaTejibHo, orpaHH- 
HHBaeT pecypc pa6oTbi ABHraTejia. KpoMe Toro, 
nojiy^eHHe MeTajunmecKoro cjioh mctoaom 
njia3MeHHoro HanbuieHHH Ha B03Ayxe npHBOAHT 
k noBbimeHHio o6pa30BaHHJi OTKpbiTbix nop, 
CHHxeHHio njioTHocTH KepaMHwecKoro CJIOH H 
4)opMHpoBaHHK» pa3BHTOH noBepxHocTH c me- 
poxoBaTocTbio A 5 (He Bume). 

3aAaneH H3o6peTeHHH aBjiaeTCfl HCKjno^e- 
HHe yKa3aHHbix HeAocraTKOB, noBbimeHHe 
pecypca pa6oTH jionaTKH b cocraBe H3A&JIHH. 

3Ta 3aAana peuiaeTCfl 3a cneT Toro, ^to 
noKpuTiie JionaTKH c nepBbiM ^capocroHKHM 

CJIOeM H BTOpbIM KepaMHWeCKHM COAep^CHT 
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floncwiHHTejibHO noflaioH npn 
cootho m e huh komiiohchtob , Mac. 
nofloiOH 

Ko6ajibT 10 - 11 
xpoM 22 - 24 

ajHOMHHHH 4 -5 



cjieAyiomeM 



% 



I CJIOH 

Ko6ajibT 8-9 
xpoM 16 - 18 

aJHOMHHHH Il- 
ia 

HTTpHH 0,25 - 0,3 HTTpHH 0,25 - 0,3 

HHKejib ocrajibHoe HHKejib ocrajibHoe. 

ITpH 3tom jionaTKy nocjie HaHeceHHii 
xcapocroHKoro cnoa noABepraioT nepBOMy Ba- 
KyyMHOMy AHcJ)(j5y3HOHHOMy OT^KHry, 3aTeM 
o6pa6aTbiBaiOT MHKpomapHxaMH, npoBOA^T a6- 

pa3HBHO-^CHAKOCTHyK) o6pa6oTKy H HaHOCST Ha 

Hee KepaMErqecKHH oioh mctoaom KOH^eHcau^m 
h Hcnapemis b BaKyyMe. Ilocjie *iero ;ionaTKy 
noflBepraiOT nooieAOBaTejibHO BTopoMy BaKyyM- 

HOMy AH(£)(i)y3HOHHOMy OT^CHTy, OKHCJIHTeJIbHO- 

My OTJKHry, npoBOflHT TepMOTecKoe oiuiaB;ieHHe 
KepaMH^cecKoro cnoa BbicoKOTeMnepaTypHOH 
HMnyjibCHOH njia3MOH h, HaKOHeq, npoBOAHT 

BTOpOH O KHCJIHTCJIbllblH OT2KHT. 

ripa pemeHHH yKa3afmoH 3a^aTO co3AaeTC5i 
TexHH^ecKHH pe3yjibTaT, Bo-nepBbix, 3a c*ier 
4)opMHpoBaHHa CB5i3yK>mero AeMnc|)Hpyiomero 

nOAC^OH, KOTOpblH nperorrcrByeT npOHHKHOBe- 
HHK) MHKpOAe^eKTOB, B03HHKaiOmHX K3.K npH 

HaHeceHHH noKpbiTHji, TaK h npn SKciuryaTa- 
ijhh, a TaK^ce o6ecne*iHBaeT coiviacoBaHHOCTb 

IIOKpblTHH C OCHOBHOH JIOnaTKH nO KOStJ^HI^H- 

eHTy TepMOTecKoro pacnmpeHH^ a, BO-BTopbix, 
3a chqt KcwnpiecTBeHHoro h Ka^ecTBeHHoro 

H3MeHeHHH COCTaBJIJUOIAHX KOMHOHCHTOB, a 

HMeHHo BBe^emiii Ko6ajibTa b AonojnniTejibHbiH 
noAoioH b ko jnmecTB e 10 - 11%; yMeHbmeroie 
ajiioMHHHH ao 4 - 5% h yB&rnraeHHe xpoMa 
AO 22 - 24 % o6ecne*rHBaeT noBbimeHHe 

miaCTH^IHOCTH H TepMOCTa6EUIbHOCTH nOACJI05t. 

B-TpeTbHx, BBeAeHHe TaicoH onepaijHH, kslk ' 
TepMmecKoe omiaBJieHHe KepaMH^ecKoro oioh 
BbicoKOTeMnepaTypHOH HMnyjibCHOH ruia3MOH, 
no3BOJtHeT yjiyqmHTb mepoxoBaTocrb, yMeHb- 
ihhb ee ao 8-ro Kjiacca, yMeHbnnrrb kojih^cctbo 
OTKpbiTbix KaHajioB no rpammaM CTOJidnaTbix 

3epeH, qTO, B KOHeTOOM HTOre, n03BOJIHeT 

yBejiH^HTb TepMOCTOHKocTb /tonaTKH npa oa- 
HOBpeMeHHOM y b ejiHweHHH TepMOcra6HjibHocTH . 

Ha JionaTKy H3 ^capocroHKoro ochobhoid 
cnjiaBa THna >KC-6 nepBbiM 3TanoM hhhochtch 
b BaKyyMe mctoaom koha eHca uhh h HcnapeHHH 
Ha 3/teKTpoHHo-jiyneBOH ycraHOBKe noAC/ion 
acapocroHKoro noKpbiTHii cjieAyiomero cocraBa, 
Mac.%; 

Ko6artbT 10 - n 

xpoM 22 - 24 

aJHOMHHHH 4-5 
HTTpHH 0,25 - 0,3 

HHKejib ocrajibHoe. 



3aTeM BTopbiM 3TanoM Ha toh . tkq 
ycraHOBKe TeM ace mctoaom HaHOCHTca oioh 

npn oieAyiomeM cooTHomeHHH komhohchtob, 
Mac. %; 

Ko6ajfibT 8-9 

xpoM 16 - is 

ajnoMHHim 11-13 

HTTpHH 0,25 - 0,3 

HHKejib ocrajibHoe. 
3aTeM LonaTKy noABepraioT nepBOMy BaKy- 
yMHOMy AH(J)4)y3H0HH0My OTXHry Ha TepMOBa- 
KyyMHOH ycraHOBKe npn TeMnepaType 1050°C 
b Te^ieHHe 3,5 - 4 ^acoB nnst co3AaHita 

AH4l(J)y3HOHHOH 30HH Me^KAy OCHOBHbIM MCTaJI- 
JIOM JIOnaTKH H noKpHraeM. 

flajiee JionaTKy o6pa6aTbiBaK>T b Te^eHHe 
5 MHHyr MHKpomapHKaMH, nooie ^ero ^onaTKa 
nepexoAHT Ha a6pa3HBHo-»CHAKOCTHyio o6pa6oT- 
Ky Ha 20 ceKyHA. 3aTeM Ha ionaTKy Ha 
3JieKTpoHHO-jiyqeBOH ycraHOBKe mctoaom koh- 
AeHcaiiiHH h Hcnapemui b BaKyyMe HaHocHT 
KepaMH^ecKHH cjioh oieAyion^ero cocraBa, Mac. 
%• 

Y2O3 7 . 9 

Zr02 ocra^bHoe. 
TaKOH MeTOA nojiyxieHHH KepaMH^ecKoro 
oioh AseT 6ojiee iuioTHyio ero crpyKTypy. 

3aTeM ionaTKy noABepraioT BTopoMy BaKy- 
yMHOMy AH4>4>y3H0HH0My OT^KHMy npn TeMne- 
paType 1050°C b Te^eHHe 3,5 - 4 ^acoB h 
nepBOMy OKHanrrejibHOMy OTXHry npn TeMne- 
paType 750°C b Te^eHne 1 *iaca b o6bixiHOH 
sjieKTpn^ecKOH neqn Ha B03Ayxe. nocne stoto 
KepaMH^ecKHii oioh jionaTKH onjiaBJinioT Bbi- 
coKOTeMnepaTypHOH HMnyjibCHOH , HanpHMep 

BOAOpOAHOH, IUia3MOH C IUIOTHOCTblO 3HeprHH 

10 - 10 Bt»cm* h BpeMeHeM bo3achctbhh 



10 - 1 0" J ceK. 06pa6oTKa BeAeTCH Ha 
ycKopme^e iuia3Mbi. B pa6o^eM nmme 
c4>opMHpoBaHHyio M Ma3MeHHyio crpyio" AHa- 
MeTpoM 300 mm HanpaBJiiuiH Ha noBepxHocrb 

JIOnaTKH. ripH B3aHMOAeHCTBHH noTOKa iuia3Ma 
c noBepxHOCTbio KepaMH^ecKoro oioh 8% Y 2 0 3 
+ Zr0 2 ocrajibHoe, b stom aioe Ha nry6HHy 

AO 20 MKM npOHCXOAOT H3MCHeHHH CTpyKTypbl 

h cocraBa. Y^yxiniaeTCfl mepoxoBaTOCTb ot R a 
» 1,25 mkm ao R a =» 0,62 mkm, yMeHbmaeTCH 
KOJinqecTBo OTKpbiTbix KaHajioB no rpaHHijaM 
croji6MaTbix 3epeH KepaMHKH, okhcjih KOMno- 
HeHTOB noA B03AeHCTBHeM aneKTpoAHHaMHMe- 
ckhx npoueccoB, pa3BHBaiomHxcH npn nonio- 
meHHH SHeprHH iuia3Mbi, BoccraHaB^HBaioTCfl 
AO CMecH BHAa Zr + Zr 2 0 + Zr0 2 + Y + Y 2 0 
+ Y 2 0 3 . 

3aKaHMHBaiOT o6pa6oTKy /ionaTKH btopwm 
OKHOiHTejibHHM otxhtom npn TeMnepaType 
750°C b TeneHHe 1 waca. B TepMHnecKH 
omiaBjieHHOM caoe ycraHaB^Hi aeTca pasHOBec- 

HOe COCTOHHHe. 



7 2065505 
Ha 4>Hr. 1 npeAcraB^eHa 3aBHCHM0CTb 
TepMoi^HKjioB N or BapnaHTa rexHo^oniH, rae: 
cl - nepBHH oioh cocraBa 16% Cr + 13% 
Al + 0,25% Y + Ni ocrajibHoe (aHajior (1)); 

cIm - nepBHH oioh npefljioaceHHoro cocraBa 
ll /o Co + 22% Cr + 5% Al + 0,25% Y + 
Ni ocrajibHoe; 

c2 - BTopoH oioh cocraBa 9% Co + 167 
Cr + 13% Al + 0,25% Y + Ni ocrajiBHoe; 

c3 - TperHH oioh cocraBa 8% Y,0, + ZrO, 
ocrajniHoe; 

BflO - BaKyyMHHH flH<J)Cpy3HOHHHH OT>KHT 

np H reMneparype 1050'C b Teiemie 3,5 qacos; 

Mm - ynpoiHeime MHKpomapincaMH, 3 
MHHyrfci; 

axo - a6pa3HBHo-xnqKocTHaa o6pa6oTKa b 
Te^eHHe 20 ceKyHa; 

bthii - BticoKOTeMnepaTypHOH HMnyjibCHofi 
ruia3MOH o6pa6oTKa; 

o - OKHCjiHT&/n>HHH oramr npH TeMnepa- 
Type 750°C, 1 qac. 

BjmaHne H3MeHeHM coAepxaHHa komiio- 
HeHTOB b cocraBe Kaxaoro oioa Temio3amHT- 
Horo noKpHTHa coctoht b oieayromeM. Y M eHb- 
meHHe coaepacaHHa ajnoMmma ao 4 - 5% ana 
nepBoro oioa cnocoficTByer corjiacoBaHHOCTH c 
XHMjmecKHM cocraBOM ochobh jionaTKH, y B e- 
JiHiemno mia cththocth , uxo saMeflJiaeT pac- 
npocrpaHeHHe MHKpoTpemHH n 3 Hapyxmcc 
oioeB noKpuTEta. YBejoreeHHe coflepxamia 
ajiMMHHHa 6ojree 13% npraoflHT k yBanne- 
hhk) xpyriKocTH oioa. Ilppr yMem»meHHH 
coflepxaHHa K o6ajn>Ta M e H ee 8% acapocroH- 

KOCTB H IUiaCTHTOOCTI, OIOH CHHXaiOTCa. 

YBenHHeHHe coflepscaHHa Ko6ajn,Ta «o 10 - 
11% b coqerainiH c yBejnreeHHeM xpoMa no 
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22 - 24% nosBOJiaex yBejiHTOTb xapocromcocTb 
h TepMocrafimiBHoci*. OflnaKO npn coflepacaHHH 
xpoMa Menee 16% xapocroHKocrb yweHBrna- 
erca, npH coflepacamiH xpo M a 6o;iee 24 y 
xapocTOHKocrb yBonrmBaerca, ho o fl HOB P e- 
MeHHo naaaer njiacraqHocTb h yBejiHUHBaerca 
CKJIOHHOCTb k TpemHHoo6pa30BaHnio. Ko6ajibT 
cnoco6cTByer saMesjiemno AwpcpyaHOHHBix npo- 
aeccoB, oflHaKo, earn K o6ajib T a 6ojn>me 11% 
to Hapymaerca corjiacoBaHHocrb KosqbcpHimeH- 
ra TepMH^ecKoro pacnmpeHHa oioa h ochobh 
KepaMiraecKOM orae yMeHbrneime coaepxa- 
HHa okhcii HTTpna Y 2 0 3 Menee 7% cHHxaer 
Te P M0CTa6a,ibH0CTb, yBejnrceHHe coaepacainia 
okhch Hrrpua 6onee 9% noBumaer nopHcrocn, 

OlOa H CKOpOCTb OKHOieHHa. 

Pe3yAbTara HoibrraHHa JionaTKH Typ6HHH 

Ha TepMOCTOHKOCTb H TepMOCTa6HJIbHOCTb 

npHBeaeHbi b Ta6jnm,e 1. 

TaKHM o6pa30M, HaHeceroie Ha jionancy 
flono^HHrejibHoro aeMmpHpyromero acapocroH- 
Koro noaoioa h KepaMHHecKoro oioa c 
BBeflemieM b Texnponecc Taioix onepauiiH, xaK 
aopa3HBHo-^KimKOCTHaa o6pa6oT K a, AB a okhc- 
JiHTejiBHbix oracHra, a raxxe repMiroecKoe 
omiaB^eHHe KepaMH^eocoro oioa bhcokotcm- 
nepa T y P HOH HMnyjibCHoii ruiasMOH nosBOJiaeT 
samnxHTb ocHOBy jionaTKH or iipohhkhob eiraa 

MHKpoaetpeKTOB, CHH3HTb DiepOXOBaTOCTb HO- 

BepxHOCTH npn OAHOBpeMeHHOM yMeHbmeHHH 
oTKpbiTbix KanajioB b KepaMHiiecKOM oioe, hto 
npHBOffHT k ynemmemno TepMocroHKocrH h 

TepMOCTagHJIbHOCTH JionaTKH, a 3HaMHT, h k 

noBHmeHHio pecypca ee pa6o T bi b cocraBe 
flBHraTejia. 



OOPMYJIA H30BPETEHHH 



1. JIonaTKa Typ6nHbi, coaepxamaa flByx- 
oioHHoe noKpwTHe c nepBHM xapocroHKHM 
oioeM, BioiioiaiomHM Ko6ajibT, xpoin, amo M «- 

HHH, HTTpHH H HHKejIb H BTOpbIM KepaMHie- 

ckhm, omjiunaiouiajicx TtM, hto OHa flonai- 

HHTejIbHO CO«ep>KHT HOflOIOH MOKfly OCHOBOH 

JionaTKH h xapocTOHKHM oioeM npn oieflyio- 
meM cooTHomeHHH KOMnoHeHTOB, Mac.%: 
KodanbT 10 - 11 

XpoM 22 - 24 

Ajiiomhhhh 4-5 
Httphh 0 2j . 0 3 

HaKejlb ocrauibHoe, 
npn^eivi nepBuii oioft coaepxHT KOMnoHeHTbi 
b oieayiomeM cooTHomeHHH, Mac.%: ' 

Ko6ajibT 8-9 

Ajiiomhhhh 11-13 



Krrp™ o,25 - 0,3 

Hl f Ke ^ \ Ocr^BHoe 
2. Cnocoo iiaroTOBJieHHii JionaTKH Typ6nHH, 
BiaiioxiaiomHH nooieAOBaTMBHoe HaHeceHHe b 
BaicyyMe ^capocTOHKoro cjiox b ^sa 3Tana h 
npoBeAeHHe W yx b aKy y mhhx oracnroB c 
npoMeacyroTOoft o6pa6oTKOH JionaTKH mhkpo- 
mapHKaMH, omjiunawu^uucsL TeM, q T o noaie 
o6pa6oTKH MHKpomapHKaMH ^onaTKy noABep- 
raioT a6pa3iiBHOH xhakocthoh o6pa6oTKe h 
HaHocHT MeroAOM KOHfleHcai^HH h HcnapeHM b 
BaicyyMe KepaMH^iecKHH oioh, a nooie BToporo 
BaicyyMHoro OT^cnra npoBOAOT nocjieflosaTertbHo 

nepBMH OKHOIHTMbHMfl OT^CHr, TepMH^ecKoe 

oiuiaBjieHHe KepaMHwecKoro cno5i bhcokotcm- 
nepaTypHOH HMnyjibCHOH ruia3MOH h btopoh 

OKHCJIHTe^bHBIH OT^CHr. 
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BapnaHT 


XapaKTepucTMKa 
zionaTKM 


LUepoxoBaTocTb 
Ra, MKM 


TepMOCTOM- 
KOCTb 

(TepMOLjwtnfci) 

M 


TepM0CTa6M/ii»- 

HOCTb 

T = 1100° 

b nacax 


1 


Asa c/iofl xapocTOfiicoro no- 

KpblTMfl 6e3 KepaMMKM (1) 


1.32 


10 


400 


2 


Ao6aB/ieH KepaMwsecKMfi 
c/iom 6e3 BTun 


1,60 


17 


800 


3 


H3MeH6H cocxaB 1-ro cnos *+ 
KepaMnwecKnw c/iofl 


1,60 


18 


900 


4 


H3MeHeH cocTaB 1-ro c/ioa + 
KepaMUMecKMM c/iovi c on/iaa- 
zieHweM 


0,83-1,25 


25 


1200 


5 


H3MCH6H COCTaB 1-ro anofl + 

KepaMnsecKMft c/iort c on/iaB- 
neHneM h oKuc/ieHneM 


1,25-0,62 


27 


1300 
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25 



15 . 



10 



TepMOqHKJIH 



r-i n 



n 



d 4 5 6 7 BapH3HTH 

*HP.I 3a BHCHSfO CTb XOOTOCTBa TepMO^HMOB OT BapnaHTa 

TexHOjrorKK 



1. cl + c2 +■ Bflo ken + b#o 

2. cl c2 + b,ho + Mm + c3 + Bflo + o 

3. cIm + c2 + W o + miii b,i;o -t- c3 -f b«o * o 

4. cIm + c2 > Bflo Mm c3 + b^o + o 

5 . cIm -+ C 2 + bao 4- Mm -f aao * c3 + B< no + o 

6. cIm + c2 + w + kn + a» + c3 + TO + o + bthii 
7- cIm '+ c2 + bbo + Mm + axo + c3 + w + o + bthii 



3aKa3 18n rioflnncHoe 
BHMIinii, Per. JIP N2 040720 
1 13834, TCn, Moctcea, PayuiCKan Ha6., 4/5 

121873, MocKBa, Bepe^KOBCxaa Ha6., 24 <rrp. 2. 
ripoM3BOACTBeHHoe npeAnpMsiTMe «riaTeHT» 



